Data obtained in this study reaffirm that virulent Mycobacterium tuberculosis H37Rv has a potent phagosome-destroying capacity when ingested by normal alveolar macrophages. In contrast, Mycobacterium bovis BCG-immune alveolar macrophages are highly resistant to this virulence mechanism. BCG-immune sera incubated with BCG-immune alveolar macrophages did not increase resistance of BCG-immune alveolar macrophages as compared with the data obtained from experiments with normal sera. BCG-immune sera failed to confer resistance to normal alveolar macrophages against the phagosomal membrane-destroying H37Rv virulence mechanism.
In a previous publication, we reported that virulent Mycobacterium tuberculosis H37Rv organisms endocytosed by normal rabbit alveolar macrophages (AM) disrupted the surrounding phagosomal membranes, permitting the organisms to lie free in the cytoplasm (5) . It was noted that after 18 to 24 h of culture, 60 to 100% of the endocytosed organisms appeared free in the cytoplasm of the normal AM. In contrast, the avirulent H37Ra strain did not exhibit this virulence characteristic, and >99% of the organisms appeared within intact phagosomes of normal AM. We also observed that the H37Rv strain exhibited a characteristic marked adherence to the proximal side of the phagosomal membranes, a property not seen with the avirulent H37Ra strain. Adherence of the phagosomal membranes to the organisms (H37Rv) was frequently followed by fragmentation and apparent disintegration of the membranes even as early as at 6 h of incubation. This putative virulence characteristic could readily explain why the virulent mycobacteria can establish infections in the lung with very low infecting doses.
The investigation reported here is an extension of this earlier study and revealed that Mycobacterium bovis BCGimmune macrophages are highly resistant to the membranedisrupting virulence mechanism exhibited by the virulent H37Rv strain in normal AM. The findings in this communication establish striking differences between normal and BCG-immune AM susceptibility to this virulence characteristic. MATERIALS Electron microscopy. The cell cultures were transferred to conical centrifuge tubes after the sedimented cells were detached with a rubber policeman. The cell suspensions were centrifuged, and the cell pellets were fixed by the method of Hirsch and Fedorko (1) as described in a previous publication (5) . After fixation, the samples were dehydrated in ethanol and embedded in Spurr low-viscosity mixture (6 Fig. 3 ).
Well-defined phagosomal membranes were present 18 to 24 h after BCG-immune AM were infected with strain H37Rv (Fig. 2) (Fig. 4) Effects of BCG-immune serum on the interaction between normal AM and strain H37Rv. A series of experiments was conducted in which normal AM were incubated in media that contained either NRS or IRS. The objective of these experiments was to determine whether BCG-immune serum had any effect on the phagosomal-disrupting potential of the virulent H37Rv strain after phagocytosis by normal AM. The results indicate that BCG-immune sera did not have a significant effect in protecting AM from the phagosomedestroying potential of the virulent H37Rv strain.
A series of chance observations has been made which could be very important to a better understanding of the immunity to mycobacteria. These observations suggest that normal AM from old rabbits (>8 months) tend to show a partial resistance to the phagosome-destroying mechanism as compared with rabbits 4 to 5 months old (data not presented). This is potentially an important observation because it could reveal some form of spontaneous immunization by environmental mycobacteria in older rabbits. DISCUSSION Based on the data obtained in this and previous publications (4, 5) , we have established that virulent M. tuberculosis H37Rv disrupts the phagosomal membranes after endocytosis by normal AM in tissue culture. Morphologic modification of the phagosomal membranes containing strain H37Rv was noted as early as at 6 h of incubation, the shortest incubation interval tested. These changes first were revealed as fuzziness of the phagosomal membranes followed by fragmentation and ultimate disintegration of the membrane, so that the organisms appeared free in the cytoplasm. Phagosome membrane destruction reached 100% in many experiments at the 24-h incubation interval. The most convincing evidence obtained to date that this could be an expression of a virulence factor was obtained when it was observed that the avirulent H37Ra strain totally (5) . It is of special interest that the attenuated BCG strain also disrupted the phagosomal membranes of normal AM; however, in contrast to strain H37Rv, a maximum of 20 to 25% of the ingested BCG was found to be free in the cytoplasm. This observation is important because it reveals a potential quantitative reflection of virulence.
Our first studies with BCG-immune AM challenged with the attenuated BCG strain indicated that 95 to 99% of the BCG remained in intact phagosomes, suggesting a marked resistance of immune AM to this potential virulence mechanism expressed by BCG. The data presented in this communication convincingly demonstrate that BCG-immune AM are also strikingly resistant to the membrane-disrupting virulence mechanism of strain H37Rv. For example, 72 to 92% of the H37Rv organisms ingested by BCG-immune AM were within clearly defined and apparently intact phagosomes. As expected, BCG-immune AM were no more effective against the avirulent H37Ra strain than were normal AM (5) .
In comparing the effects of normal and BCG-immune sera, no differences were noted. Accordingly, the addition of BCG-immune sera to BCG-immune AM did not augment the high resistance of BCG-immune AM to H37Rv. Companion studies comparing the effects of BCG-immune sera on normal AM are less certain. In some experiments, a slight protection was noted in normal AM plus BCG-immune sera. However, the results were marginal and of doubtful significance. Future experiments will employ BCG-immune sera raised by injecting living rather than dead BCG.
Collectively, all of our data support the concept that phagosomal membrane disruption of normal AM by virulent mycobacteria represents a potentially important mechanism to allow virulent mycobacteria to disarm normal AM. Such a mechanism readily explains why M. tuberculosis can produce primary infection with small infecting doses. This idea is compatible with the claim of Lurie (2) that one tubercle bacillus could generate one tubercle.
The dramatic resistance to the phagosome-destroying virulence mechanism expressed by BCG-immune AM suggests definitive changes in the cytoplasmic membranes of AM when they become immune. Preliminary data indicate that the cholesterol-protein ratios of BCG-immune AM are increased about fivefold over the cholesterol-protein ratios of normal AM (unpublished data). Analyses of membrane changes in AM associated with resistance and the testing of potential virulence moieties associated with virulent mycobacteria should provide the road map for our understanding of virulence and acquired immunity in mycobacterial diseases.
